Background: GIDEON (Global Investigation of therapeutic DEcisions in hepatocellular carcinoma [HCC] and Of its treatment with sorafeNib) is a global, prospective, non-interventional study undertaken to evaluate the safety of sorafenib in patients with unresectable HCC in real-life practice, including Child-Pugh B patients who were excluded from clinical trials. Methods: Patients with unresectable HCC, for whom the decision to treat with sorafenib, based on the approved label and prescribing guidelines, had been taken by their physician, were eligible for inclusion. Demographic data and disease/medical history were recorded at entry. Sorafenib dosing and adverse events (AEs) were collected at follow-up visits. The second interim analysis was undertaken when~1500 treated patients were followed up for ≥ 4 months. Results: Of the 1571 patients evaluable for safety, 61% had Child-Pugh A status and 23% Child-Pugh B. The majority of patients (74%) received the approved 800 mg initial sorafenib dose, regardless of ChildPugh status; however, median duration of therapy was shorter in Child-Pugh B patients. The majority of drug-related AEs were grade 1 or 2, and the most commonly reported were consistent with previous reports. The incidence and nature of drug-related AEs were broadly similar across Child-Pugh, Barcelona Clinic Liver Cancer (BCLC) and initial dosing subgroups, and consistent with the overall population. Conclusions: Consistent with the first interim analysis, overall safety profile and dosing strategy are similar across Child-Pugh subgroups. Safety findings also appear comparable irrespective of initial sorafenib dose or BCLC stage. Final analyses in > 3000 patients are ongoing.
• The oral multikinase inhibitor sorafenib significantly improves overall survival in patients with uHCC. However, pivotal studies generally included only patients with preserved liver function; therefore, investigation of sorafenib in wider patient groups is needed.
• GIDEON is a global, non-interventional study evaluating uHCC patients treated with sorafenib in clinical practice, thereby allowing a broad evaluation of patient subgroups, including those with advanced liver dysfunction.
What's new
• The second interim analysis of the GIDEON study has now been completed in > 1500 uHCC patients treated with sorafenib in clinical practice.
• Consistent with the first interim analysis conducted in~500 patients, these data highlight that the safety profile of sorafenib appears to be comparable across Child-Pugh and BCLC subgroups in real-life practice.
• Safety findings also appear to be similar, irrespective of the initial sorafenib dose.
Background
Hepatocellular carcinoma (HCC) is now the third leading cause of cancer-related death and the fifth most common malignancy in men; the seventh in women (1,2). The major risk factors for HCC include chronic hepatitis C and hepatitis B viral infections, as well as alcohol consumption, non-alcoholic steatohepatitis and diabetes (3, 4) . The vast majority (70-90%) of HCC cases occur in the context of liver cirrhosis (5) , and consequently many patients present with hepatic dysfunction and experience a high rate of comorbidity. HCC is therefore a heterogeneous disease in terms of aetiology as well as clinical presentation and behaviour, thus presenting challenges for disease management (6) .
Most patients with HCC present with unresectable disease (uHCC) that cannot be managed by surgery. Non-surgical locoregional treatment options, such as image-guided ablation and transarterial chemoembolisation, are not suitable for all patients and are associated with high rates of recurrence (7) (8) (9) . At present, there is no global standardisation of treatment for uHCC, although systemic therapies may offer a new alternative in the treatment of uHCC.
Sorafenib is a multikinase inhibitor used for the treatment of uHCC (10) . Two Phase III studies (SHARP and Asia-Pacific) demonstrated significant improvements in overall survival in uHCC patients, the majority of whom had Child-Pugh A (11, 12) , and sorafenib is suggested as first-line therapy in HCC patients with advanced-stage disease (13) .
GIDEON (Global Investigation of therapeutic DEcisions in HCC and Of its treatment with sorafeNib) is a prospective, non-interventional study undertaken to fulfil postapproval commitments to licensing agencies (14) . The primary objective of GIDEON is to evaluate the safety of sorafenib in uHCC patients under real-life clinical practice conditions and to gather more comprehensive data on the use of sorafenib in patients with Child-Pugh B liver function, who were excluded from the randomised clinical trials (11, 12) . In general, clinical trials in HCC include only patients with preserved liver function (15) , as severe liver dysfunction associated with Child-Pugh B or Child-Pugh C status represents a competing cause of death and may confound results (11) .
GIDEON is one of the largest studies undertaken in patients with uHCC, allowing for a broad evaluation of patient subgroups. Multiple predefined subanalyses were therefore undertaken, focusing on potentially predictive or prognostic factors, including Child-Pugh score, Barcelona Clinic Liver Cancer (BCLC) stage and aetiology.
The first interim analysis of GIDEON was performed per protocol when~500 patients had been enrolled; 479 patients were evaluated (16) . Recently published findings of this preliminary analysis highlighted regional variations in patient characteristics, underlying disease aetiology and sorafenib dosing patterns, as well as consistent safety findings across Child-Pugh patients (16) .
The second interim analysis of GIDEON was performed per protocol once~1500 patients had been treated and followed up for ≥ 4 months. Here, we present clinically relevant findings of this analysis, including safety findings across Child-Pugh, BCLC and initial sorafenib dose subgroups (17) (18) (19) .
Methods

Study design and objectives
GIDEON includes patients who are candidates for systemic therapy and in whom the decision to treat with sorafenib has been made under real-life practice conditions, including patients with Child-Pugh B liver function. Full details of the study design have been previously published (14) .
Two interim analyses were preplanned, the first when 500 patients had been followed up for ≥ 4 months, and the second when 1500 patients had reached this point. The final analysis is scheduled at 12-month follow-up following the enrolment of 3000 sorafenib-treated patients (14) .
Patients
Eligible patients are those diagnosed histologically, cytologically or radiographically with uHCC, who have a life expectancy of > 8 weeks and in whom the decision to treat with sorafenib has been made by their physician (14) . Further inclusion criteria are outlined in the previously published study design report (14) . Exclusion criteria are based on the local product information for sorafenib (14) . All patients provided informed and signed consent, and the study is being conducted according to established recommendations and regulations relating to non-interventional and postauthorisation safety studies (20) and according to Good Clinical Practice. Documented approval from appropriate ethics committees and institutional review boards was obtained in accordance with local laws, regulations and organisations.
Data collection and analyses
All data were collected using case report forms as previously outlined (14) . All adverse events (AEs) were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0. Patients who received at least one dose of sorafenib and underwent at least one followup assessment were evaluable for safety.
Target enrolment was based on an overall sample of 3000 patients, the number determined sufficient for comprehensive evaluation of safety for the overall population, as well as specified subgroups (14) . All baseline and safety data are summarised with descriptive statistics (14) .
Results
Patient demographics and disease characteristics at study entry
In the second interim analysis, 1571 patients were eligible for safety analysis. The study population included patients across all BCLC stages and ChildPugh status groups. The majority of patients (61%) had Child-Pugh A, with 23% having Child-Pugh B, and most had BCLC stage C (54%). The median age of the study population was 62, and the majority of patients were men (82%) ( Table 1) .
Patient demographics and disease characteristics were generally similar between patients receiving an initial sorafenib dose of 400 or 800 mg. Disease characteristics were also broadly comparable across Child-Pugh and BCLC subgroups (Table 1) . There was some variation in prior treatment across ChildPugh subgroups, as a greater proportion of ChildPugh A patients had received prior locoregional treatment compared with Child-Pugh B (61% vs. 45%). Transarterial chemoembolisation was the most common locoregional treatment in both Child-Pugh A and Child-Pugh B patients and across all BCLC stages (Table 1) . Table 2 summarises sorafenib administration for the overall study population and by initial dose and Child-Pugh and BCLC subgroups. Overall, the majority of patients received the approved initial dose of 800 mg (74%). The median daily dose across all patients was 693 mg. A slightly higher percentage of patients who received an initial sorafenib dose of 400 mg had treatment duration of ≤ 4 weeks compared with those who initially received 800 mg (20% vs. 16%). Patients with an initial dose of 400 mg also had lower median treatment duration (9.7 weeks) compared with those with an initial dose of 800 mg (12.3 weeks).
Sorafenib administration
A similar proportion of patients across Child-Pugh subgroups received the recommended 800 mg initial dose, although the median daily dose was slightly higher in Child-Pugh B (721 mg) compared with Child-Pugh A patients (680 mg). However, median duration of sorafenib therapy was less in Child-Pugh B (8.6 weeks) than in Child-Pugh A patients (13.7 weeks) and shorter with increasing Child-Pugh B scores: B7 (9.0 weeks), B8 (8.5 weeks) and B9 (6.7 weeks).
Initial sorafenib dose and median daily dose were broadly consistent across BCLC stages. However, patients with BCLC stage C tended to have a shorter duration of treatment (10.1 weeks) than patients with BCLC stage B (16.3 weeks) and BCLC stage A (19.6 weeks) ( Table 2) .
Safety assessments
Safety data from the overall population are presented in Tables 3-5 . Overall, 83% of patients experienced a treatment-emergent AE, with 64% in total reporting a drug-related AE. The majority of drug-related AEs were grade 1 or 2, and only 9% of patients experienced a drug-related serious AE (SAE) ( Table 3) . The most commonly observed drug-related AEs across all patients were diarrhoea, hand-foot skin reaction and fatigue (Table 5) .
The incidence of AEs and drug-related AEs was comparable between Child-Pugh A and Child-Pugh B patients ( Table 3 ). The majority of drug-related AEs were grade 1 or 2 in both Child-Pugh A and ChildPugh B patients. However, there was a higher percentage of SAEs and drug-related SAEs, and a higher rate of (12) 44 (13) 133 (11) 68 (7) 75 (20) 10 (29) 4 (4) 19 (6) 94 (11) 40 (44) TNM status, n (%) †, ** I 105 (7) 28 (8) 62 (5) 67 (7) 25 (7) 4 (11) 63 (55) 27 (9) 7 (1) 3 (3) II 177 (11) 43 (12) 124 (11) 128 (13) 34 (9) 3 (9) 30 (26) The most frequent drug-related AEs across ChildPugh subgroups were consistent with findings in the overall population and comparable across ChildPugh subgroups (Table 5) . Diarrhoea, hand-foot skin reaction and fatigue were the most frequently observed drug-related AEs in both Child-Pugh A and Child-Pugh B patients. However, a lower incidence of skin toxicity was observed in Child-Pugh B patients compared with Child-Pugh A patients (15% vs. 29%). No unexpected AEs were observed in patients with more severe liver dysfunction.
Neither the incidence nor the severity of drugrelated AEs was notably different across BCLC subgroups. SAEs were more frequent in advanced disease but the incidence of drug-related SAEs was similar regardless of BCLC stage ( Table 3 ). The nature of the most frequent drug-related AEs was consistent across all BCLC stages and with the overall population ( Table 5) .
Safety profiles appeared to be similar regardless of initial dose. The number of drug-related AEs and SAEs, and the number of patients in whom treatment was discontinued because of AEs, were similar across dosing subgroups ( Table 4) . The type and incidence of the most commonly reported drugrelated AEs were also comparable for patients receiving an initial sorafenib dose of either 400 or 800 mg; diarrhoea (26% vs. 25%), hand-foot skin reaction (23% vs. 25%) and fatigue (17% vs. 14%) ( Table 5) .
Overall, the incidence of AEs, drug-related AEs and SAEs was similar in both older (≥ 65 years) and younger patients (Table 4) . Across Eastern Cooperative Oncology Group (ECOG) subgroups, the incidence of SAEs was higher in patients with a greater ECOG score at baseline; however, the incidence of drug-related SAEs was similar (Table 3) .
Nearly half of all deaths were HCC-related (40%), with 14% of deaths determined as liver-related and 11% both HCC-and liver-related (Table 6) . Generally, the causes of death were similar between Child-Pugh A and Child-Pugh B patients, with HCC-related the most common cause of death.
Discussion
GIDEON is a Phase IV non-interventional study undertaken to evaluate the safety of sorafenib in clinical practice. The GIDEON study population is therefore a heterogeneous one, and multiple subgroup analyses, based on predictive and prognostic factors, were preplanned. The second interim analysis allowed for assessment of overall safety findings in the larger population of > 1500 patients and for Table 2 Summary of sorafenib administration by initial sorafenib dose, Child-Pugh status and BCLC stage 265 (17) 69 (20) 183 (16) 120 (13) 43 (22) 21 (22) 20 (29) 86 (23) 16 (46) 15 (13) 26 (9) 150 (18) 27 (29) Median treatment duration, weeks 733 (77) 143 (73) 66 (69) 46 (67) 260 (71) 24 (69) 77 (67) 227 (76) 659 (77) 67 (73) BCLC, Barcelona Clinic Liver Cancer; NA, not available. Treatment-emergent adverse events by ECOG PS, Child-Pugh status and BCLC stage 1307 (83) 1066 (82) 121 (85) 780 (82) 326 (89) 30 (86) 82 (71) 244 (82) 718 (84) 76 (83) AEs (grade 3 or 4)
472 (30) 391 (30) 42 (29) 278 (29) 115 (31) 12 (34) 34 (30) 101 (34) 243 (29) 25 (27) Drug-related AEs (all grades)
1010 (64) 850 (66) 79 (55) 639 (67) 230 (63) 16 (46) 70 (61) 206 (69) 562 (66) 45 (49) Drug-related AEs (grade 3 or 4)
366 (23) 315 (24) 26 (18) 228 (24) 80 (22) 8 (23) 29 (25) 84 (28) 187 (22) 19 (21) SAEs § (all grades)
587 (37) 435 (34) 83 (58) 278 (29) 206 (56) 22 (63) 27 (24) 94 (32) 324 (38) 51 (55) Drug-related SAEs § (all grades)
142 (9) 123 (9) 11 (8) 72 (8) 54 (15) 2 (6) 10 (9) 35 (12) 75 (9) 6 (7) AEs resulting in permanent discontinuation of sorafenib ¶
(28)
336 (26) 56 (39) 225 (24) 141 (38) 18 (51) 28 (24) 76 (26) 226 (27) 40 (44) Deaths** 343 (22) 250 (19) 49 (34) 154 (16) 125 (34) 13 (37) 14 (12) 48 (16) 196 (23) 34 ( further evaluation across key clinical subgroups, including initial sorafenib dose, Child-Pugh status and BCLC stage. The final GIDEON analysis, in > 3000 patients, is currently being undertaken and will report data from final analyses across all subgroups.
Results of this second interim analysis, in 1571 patients, are consistent with observations reported in the first interim analysis in 479 patients (16) . As previously observed, patient demographics in GIDEON are in line with previous HCC epidemiological reports in terms of age, gender, Child-Pugh status and prior treatment (21, 22) .
Consistent with the first interim analysis, the majority of patients received the recommended initial dose of sorafenib (800 mg), and had Child-Pugh A status and BCLC stage C. Patients across all BCLC stages and Child-Pugh status subgroups were treated with sorafenib. Nearly 25% of patients had ChildPugh B status, and based on initial and median dose there was no evidence that the dosing strategy differs between Child-Pugh A and Child-Pugh B patients. However, duration of treatment tended to be less for patients with Child-Pugh B and was increasingly shorter with higher Child-Pugh B scores. Therefore, the dosing patterns observed in the larger patient population of the second interim analysis reflect those previously reported in the first interim analysis.
As reported in the first interim analysis, sorafenib was generally well tolerated in the clinical setting. In line with the SHARP and Asia-Pacific Phase III trials, the majority of drug-related AEs were grade 1 or 2 in nature (11, 12) . Similarly, the nature of the AEs was consistent with the Phase III trials, with diarrhoea, hand-foot skin reactions, fatigue and rash/ desquamation being the most commonly reported drug-related AEs in the GIDEON, SHARP and AsiaPacific studies, respectively (11, 12) .
The most commonly reported drug-related AEs across Child-Pugh subgroups were comparable in both type and incidence and were consistent with the overall population, although there was a lower incidence of skin toxicity in Child-Pugh B compared with Child-Pugh A patients.
Generally, drug-related safety findings appeared similar in both younger and older patients and in patients with lower and higher ECOG performance status at baseline. Also, the safety profile of sorafenib did not appear to differ across BCLC stages. Importantly, BCLC represents one of several staging systems used in HCC patients (23) , and final analyses from the GIDEON study will allow for further exploration of findings across other staging systems and prognostic variables.
The safety profile of sorafenib appeared to be similar irrespective of initial dose; however, the lower initial dose of 400 mg was associated with a slightly shorter duration of treatment. Interestingly, this is in contrast to a recent Italian observational study in which a lower sorafenib dose was associated with a longer duration of treatment and improved outcomes (24) . However, the outcome findings need to be interpreted with caution as the analysis did not account for the notable difference in treatment duration between the lower and higher dosing groups.
In this second interim analysis, study treatment duration findings must be considered preliminary. Table 5 Treatment-emergent drug-related adverse events (any grade) in ≥ 5% of the total study population stratified by initial sorafenib dose, 90 (26) 289 (25) 248 (26) 86 (23) 3 (9) 26 (23) 95 (32) 217 (26) 13 (14) Hand-foot skin reaction 380 (24) 79 (23) 293 (25) 278 (29) 54 (15) 1 (3) 22 (19) 91 (31) 213 (25) 14 (15) Fatigue 222 (14) 60 (17) 157 (14) 139 (15) 41 (11) 6 (17) 18 (16) 41 (14) 122 (14) 10 (11) Rash/desquamation 190 (12) 47 (14) 140 (12) 123 (13) 36 (10) 2 (6) 14 (12) 41 (14) 96 (11) 9 (10) Anorexia 141 (9) 31 (9) 108 (9) 93 (10) 30 (8) 1 (3) 12 (10) 24 (8) 84 (10) 6 (7) Hypertension 104 (7) 25 (7) 78 (7) 85 (9) 11 (3) 0 5 (4) 23 (8) 66 (8) 2 (2) Alopecia 102 (7) 19 (6) 82 (7) 79 (8) 11 (3) 1 (3) 8 (7) 21 (7) 63 (7) 3 (3) Nausea 93 (6) 26 (8) 65 (6) 51 (5) 18 (5) 2 (6) 10 (9) 6 (2) 44 (5) 9 (10) Weight loss 74 (5) 14 (4) 60 (5) 45 (5) 15 (4) 1 (3) 11 (10) 18 (6) 34 (4) 3 (3) BCLC, Barcelona Clinic Liver Cancer. Final data are needed to fully evaluate duration of treatment, and final outcome analyses will adjust for duration of treatment.
Conclusions
This updated analysis of the GIDEON study confirms the findings from earlier reports. Sorafenib is well tolerated in the clinical setting and safety findings are as anticipated. The safety profile of sorafenib appears to be similar irrespective of Child-Pugh status, BCLC stage or initial sorafenib dose. The GIDEON study is an observational study and thus is limited by the lack of either a control arm or a randomised study population. However, a non-interventional study provides an opportunity to observe treatment patterns in clinical practice and allows the assessment of a wider patient population than in randomised clinical trials. Thus, while GID-EON is a non-controlled, non-interventional study, the opportunity to evaluate > 3000 patients with uHCC in clinical practice, including patients with a greater degree of liver dysfunction, is of considerable clinical interest and relevance.
The GIDEON study is ongoing, with final analyses planned for 12 months following the recruitment of 3000 treated patients (14) . Therefore, reports from interim analyses need to be considered preliminary and results interpreted with caution. Final reports will include updated analysis of safety, both overall and across subgroups, reports on duration of treatment and evaluation of treatment outcomes. 
